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Мagnetite nanoparticles coated with polypyrrole have been synthesized. Nanocomposite powder has 
been investigated by FTIR, XRD, SEM, magnetometry, conductivity measurements. Polypyrrole in nano-
composite does not impair the magnetic properties of magnetite. 
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1. INTRODUCTION 
 
The formation of sub-micron particles, which have 
many useful properties, is necessary for effective techno-
logical applications. Such multifunctional nanoscale com-
posites often have the structure of core-shell particles. 
They are synthesized, studied and used in medicine, diag-
nostics, biomedical science, and cells separation. Fe3O4 
nanoparticles have good superparamagnetic properties. 
They are used for cancer cells hyperthermia, precise drug 
delivery, imaging of the objects of the human body [1]. To 
expand biotechnological application of Fe3O4 nanoparti-
cles, functionalization of their surface which can be 
achieved, in particular, using polypyrrole is of importance. 
Polypyrrole has good biocompatibility and high electrical 
conductivity. It is easy to functionalized both by drugs and 
biologically active agents [2]. 
When combining Fe3O4 nanoparticles (NPM) and 
polypyrrole (PP), it is important to find out the changes 
in the magnetic properties of NPM and the conductive 
properties of PP. We report here about the synthesis of 
Fe3O4 nanoparticles coated with polypyrrole (NPM @ 
PP), and physico-chemical properties of inorganic and 
organic nanocomposite. 
 
2. METHODS AND MATERIALS  
 
For the synthesis of NPM, PP, NPM @ PP, chemi-
cally pure Fe2 (SO4)3∙9H2O, Fe(SO4)∙7H2O, pyrrole, and 
oleic acid produced by Sigma were used.  
8.6 g of Fe2(SO4)3∙9H2O and 2.235 g of Fe(SO4)∙7H2O 
were dissolved in 200 ml of distilled water and stirred 
with a magnetic stir bar under nitrogen transmission. 
Then a mixture of 20 ml of concentrated ammonium 
hydroxide, 2 ml of oleic acid and 30 ml of water was 
gradually added dropwise to this solution. The result-
ing solution was heated to 90 °C and stirred for 30 min. 
Gradually black precipitate of NPM settled out. The 
precipitate was separated by centrifugation, decanted, 
then washed with water and decanted, then washed 
with ethanol and decanted, air dried and then oven 
dried at 60-70 °С. 
The resultant NPM (0.6803 g) were stirred in 
100 ml of 0.06 M solution of Fe2(SO4)3∙9H2O (3.37 g) 
(the catalyst of pyrrolepolymerization). 0.02 M pyrrole 
(1.38 ml) was added dropwise into the solution. The 
solution gradually darkened as a result of the derivati-
zation of PP. The reaction mixture was stirred during 
3 hours. The dark precipitate NPM@PP was filtered. 
The precipitate of nanocomposite was washed with 
ethanol, dried in vacuum desiccator for 1 hour, then air 
dried for 15-16 hours. The weight ratio of magnetite to 
PP in NPM @ PP powder was 1.5.  
The diffraction patterns (XRD) of NPM, PP and 
NPM@PP powders were recorded on X-ray diffractome-
ter Dron-4 with СuK radiation (  0.154 nm) with a 
step of 0.02° and a step time interval 1.25 sec. IR spec-
tra of the powders were obtained using the spectrome-
ter Nicolet iS50. The sizes of powders particles were 
investigated with the scanning electron microscope 
JEOL 6610LV. The magnetic properties of the powders 
were measured using the ponderomotive method [3]. 
ZFC-FC curves of nanopowders were received using 
Cryogenic high field measurement system [4]. The re-
sistance of PP and NPM @ PP powders was measured 
on a precision meter LCR-7821 in the pressed sample. 
 
3. EXPERIMENTAL RESULTS AND  
DISCUSSION 
 
The morphology of the powders is shown on the 
scanning electron microscope images (Fig. 1). The PP 
particles are of various sizes, while the NPM@PP parti-
cles represent a conglomerate of smaller NPM, covered 
with cottonous PP.  
FTIR- spectra of NPM have an absorption frequency 
of 575 cm – 1, that is a characteristic feature of Fe-O 
stretching vibrations. NPM@PP and PP show the 
 
 
 
Fig. 1 – Scanning electron microscope images: a − polypyrrole, 
b − NPM@PP composite 
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same frequencies 3430 (deformation vibrations N-H), 
1604 (C  N and N-H), 1024 cm – 1 (C-H bond). The 
spectra confirm the production of polypyrrole, Fe3O4 
and absence of differences, and, thus, absence of chemi-
cal interactions of NPM and PP in the NPM@PP struc-
ture to form metal-ligand bonds.  
 
 
 
 
 
Fig. 2 – FTIR − powders spectra: a− polypyrrole, b − NPM @ PP 
 
 
 
Fig. 3 – The diffraction patterns of powders: 1 − polypyrrole,  
2 − NPM@PP, 3 – NPM 
 
XRD diagram of NPM confirms the crystalline cubic 
spinel structure of Fe3O4 according to the standard 
JCPDS 85-1476 and the NPM size of 20 nm calculated 
according to Scherer formula (Fig. 3). All reflexes of 
NPM and NPM@PP coincide with each other. Conse-
quently, the crystal structure of NPM when covered 
with a layer of an organic polymer does not change. 
XRD investigation shows that PP powder is in a great-
er degree amorphous with a small content of the crys-
talline phase. Wide reflex observed at the angle of 
2  24° appears due to the reflection from the surfaces 
on which there are the polymer chains of PP. The aver-
age distance between the surfaces can be calculated 
using the relationship [5] 
 
 5 / 8sinS   , (1) 
 
where S is the distance between chains, is the diffrac-
tion angle at the maximum intensity of the amorphous 
halo. The calculated average S is 0.45 nm. XRD dia-
gram is used to calculate the average size of PP crystal-
lites by Scherer formula 
 
 / cosD k   , (2) 
 
where D is the crystallite size, k is the shape factor 
which is assumed to be 0.89, if the crystallite shape is 
unknown, is the width at the half maximum of the dif-
fraction angle in radians, 2θ  24°. For PP powder ac-
cording to the equation (2) D is 53 nm. 
Similar NPM@PP diagram had reflexes NPM and 
PP with intensities corresponding to the composition 
(Fig. 3). For example, the intensity ratio of 2θ  24° 
NPM and NPM@PP is equal to (1.5). 
 
 
 
Fig. 4 – The specific magnetization of powders depending on 
the strength of the applied magnetic field: 1 − polypyrrole, 2 − 
NPM@PP, 3 − NPM 
 
 
 
Fig. 5 – ZFC and FC curves of powders at a constant magnetic 
field strength: 1 − polypyrrole, 2 − NPM@PP, 3 – NPM 
 
The specific magnetization of saturation of NPM@PP 
27 A∙m2∙kg – 1 is slightly smaller than that of NPM 
(Fig. 4), and its dependence on the potential gradient has 
a shape common to superparamagnetics as there is no 
residual magnetization or coercive force. PP has almost 
zero magnetization. However, its low magnetization al-
most does not change the magnetization of NPM@PP 
compared to NPM. The specific magnetization of satura-
tion of NPM Ms, defined by Fig. 3 is 35 A∙m2∙kg – 1. 
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To determine the temperature dependence of the 
specific magnetization two types of measurements were 
performed: in the cooled  zero-magnetic-field (ZFC) and 
in the cooled non-zero-magnetic-field (FC) [5]. In the 
ZFC technique (Fig. 5), the sample was cooled to the 
temperature of liquid helium in the absence of magnet-
ic field, and then a small magnetic field H  300 Oe was 
enabled and the temperature was being slowly in-
creased and specific magnetization was being regis-
tered. FC technique differed only in that the powder 
sample was cooled in a non-zero-magnetic-field 
H  300 Oe. 
As can be seen, the curves of ZFC and FC at NPM 
coincide at certain temperatures, but start to differ 
below a certain reversibility temperature TH  150 K. 
Besides, ZFC curve has its maximum (Tmax) at blocking 
temperature TB   45 K, and FC curve grows monoton-
ically up to the lowest temperatures. The value of TH 
can be identified with TB of the particles of maximum 
size and the value of Tmax can be identified with TB of 
the particles of minimum size. The critical diameter for 
the room temperature of the NPM single-domain 
spherical particle with axial magnetic anisotropy is 
128 nm [5]. In experimental studies at TB the abrupt 
change in magnetization never occurs because there is
a spread of the particles in size. In this case the spread 
is assumed to be between 20-130 nm. 
A large difference between the ZFC and FC curves 
at NPM@PP, and a small difference at NPM can be 
because of the coherence of small particles of magnetite 
in NPM@PP by polypyrrole (Fig. 5). The size of the na-
noparticles increases and NPM@PP particles demon-
strate the characteristics of ferromagnetic behavior 
instead of superparamagnetic one. 
The resistance of NPM@PP pressed powders at 
room temperature was 70-75 kOhm. PP conductivity at 
30 °C was 70 kOhm, and at 40 °C it was 64 kOhm that 
matches the other investigators [6] and it was a little 
different from NPM@PP composite. Electrical conduc-
tivity increased with the temperature. This indicates 
the thermally-activated mechanism of electrical con-
ductivity of polypyrrole, i.e. the increase of the efficien-
cy of charge transfer with the increase of temperature. 
 
4. CONCLUSIONS 
 
Thus, magnetic and conductive properties of the 
composite core-shell NPM@PP almost do not change 
compared to NPM and PP, and the surface of the com-
posite can be functionalized, giving new biological 
properties.  
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